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MITIGATING EFFECTS OF INTERLEUKIN 11 

ON CONSECUTIVE COURSES OF 
5-FLUOROURACIL-INDUCED ULCERATIVE 
MUCOSITIS IN HAMSTERS 

S.T. Sonis,'- 2 A.G. Van Vugt, 1 J. McDonald, 1 E, Dotoli, 1 U. Schwertschlag 3 

P. Szklut, 3 J. Keith 3 

Ulcerative mucositis is a painful, debilitating and dose-limiting toxicity of cancer chemotherapy 
Current treatment is largely palliative and no adequate preventive treatment exists. Recently 
we reported that recombinant hum an(rh) interleukin II (IL-11) favourably modified the course 
of mucositis following a single stomatotoxic regimen of 5-flurouracil in hamsters. Although 
potentially beneficial, the clinically relevant issue of mucositis and myelosuppression during 
multicourse chemotherapy treatment was not addressed. The present study was undertaken to 
evaluate the effect of rhIL-11 on two consecutive courses of mucositis and myelosuppression in 
hamsters. Ulcerative mucositis was induced using a standardized protocol consisting of 
5-fluorouracil (60 mg/kg) on days 1 and 2 followed by superficial irritation of the buccal mucosa 
on day 4. Animals treated with 100 ug of rhIL-11 for 12 consecutive days following each regimen 
of chemotherapy experienced a reduction in the incidence, severity, and duration of mucositis 
a reduction in weight loss, and less morbidity and mortality relative to control animals Bone 
marrow cellularity and function was not adversely affected by rhIL-11 treatment. The present 
study is consistent with the potential use of rhIL-11 in treating patients at risk of developing 
ulcerative mucositis while undergoing intensive multicourse chemotherapy treatment. 
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Ulcerative mucositis is a painful, debilitating, and 
often dose-limiting toxicity of cancer chemotherapy.' 
The oral mucosa, like the rest of the gastrointestinal 
mucosa, is often adversely affected by the non-specific, 
direct toxicity of antineoplastics. 2 * 3 An overall fre- 
quency of 40% has been reported to be associated with 
various agents including 5-fluorouracil, 4 metho- 
trexate, 5 - 6 cytaribine, 7 and etoposide. 7 Ulcerative 
mucositis results in destruction of the oral mucosa 
as an anatomic barrier. The mouth thus becomes a 
portal of entry for enteric bacterial, viral and fungal 
organisms. Chemotherapy-induced myelosuppression 
develops soon after mucositis, causing the mouth to be 
a frequently identifiable source of sepsis in the 
granulocytopenic cancer patient. 8,9 
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Current therapy for mucositis is largely 
palliative; no adequate preventive treatment exists. 
Previous animal studies have shown that cytokine- 
mediated biological manipulation of the oral 
mucosa can modify the course of mucositis. Epidermal 
growth factor, which stimulates epithelial prolifer- 
ation exacerbates the condition. 10 In contrast, both 
transforming growth factor beta3 n and interleukin 
ll, 12 favourably modify the course of ulcerative 
mucositis. 

Interleukin 11 (IL-11) is a 178-amino acid poly- 
peptide with a molecular weight of 19 kDa. 13 Various 
studies have shown IL-11 to be a multifunctional 
cytokine expressed in a broad range of tissues. 14 The 
activities with the most biotherapeutic relevance to 
cancer chemotherapy include stimulation of bone 
marrow, platelet, and neutrophil recovery 15 * 16 as well 
as small intestinal mucosal cell recovery following 
cytoblative treatment. 17 

Recently, we reported that recombinant 
human (rh) IL-11 favourably modified the course of 
mucositis produced by a single dose of 5-fluorouracil 
in hamsters. 13 Treatment with rhIL-11 reduced the 
incidence, severity, and duration of mucositis, 
weight loss, and mortality in addition to stimulating 
platelet production in a dose-dependent manner. 
Although beneficial effects were observed, the clinically 
relevant issue of mucositis and myelosuppression 
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during multicourse chemotherapy treatment was not 
addressed. The present study was thus undertaken 
with three objectives: to evaluate the effect of rhIL-1 1 
on two consecutive courses of chemotherapy-induced 
ulcerative mucositis; to establish the optimal regimen 
of rhIL-11; and, to determine if rhIL-11 exacerbates 
the myelosuppressive effects associated with two 
consecutive courses of 5 -fluoro uracil. 



RESULTS 

During cycle 1, treatment with rhIL-11 markedly 
reduced the severity and duration of mucositis (Fig. 1), 
Control X had significantly more severe mucositis than 
both Regimen A and B on days 6 through 14 and 7 
through 14, respectively (/-test, P < 0.05). During cycle 
2, only Regimen A was beneficial, especially during the 
development of mucositis. 

The incidence of animals with moderate to severe 
mucositis, defined as a score equal to or greater than 
4, was evaluated. During cycle 1, Control X had a 
significantly higher incidence of animals with moderate 
to severe mucositis (Fig. 2) than both Regimens A and 
B, on days 8 through 12 and 7 through 14, respectively 
(chi square, P < 0.05). During cycle 2, only Regimen A 
had a favorable effect. 

Serum samples tested positive, as shown by 
ELISA, for the presence of anti-rhIL-11 antibody on 
days 14, 21, and 35. The mean titre was 2.2 + 0.3. 



The incidence, severity and duration of mucositis 
in Regimen A was similar during both cycles despite 
the presence of anti-rhIL-11 antibody. Regimen B, 
however, was effective during cycle 1 but ineffective 
during cycle 2. 

Regimen A minimized weight loss (Fig, 3) relative 
to control groups during both cycles. Significant 
differences were observed on days 4 through 14 (/-test, 
P < 0.05). In contrast, animals given Regimen B 
experienced a significant reduction in weight loss on 
days 5 through 12 of cycle 1 but had greater weight loss 
than control animals during cycle 2. 

Bone marrow cellularity was within normal 
limits for all groups on days 14 and 35 (Table 1). 
However, Control X had significantly greater bone 
marrow cellularity than Regimens A and B on day 14 
(Mann-Whitney U test, P < 0.05). Regimen A was 
also significantly greater than Regimen B on day 14. 
On day 35, both Control X and Regimen A exhibited 
comparable cellularity that was greater than that of 
Control Y and Regimen B. However, no significant 
differences were noted. 

Analysis of peripheral blood samples showed 
that animals in Regimen A had higher platelet and 
white blood cell counts on days 14 and 35 relative 
to all other groups (Tables 2 and 3). Animals in 
Regimen A had significantly higher mean white blood 
cell counts than Regimen B on day 14 (Mann-Whitney 
U test, P < 0.05). Mean platelet and white blood cell 
counts of animals in Regimen A were significantly 
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Figure 1. Mean musocitis scores for all groups by day. 

During cycle 1, animals treated with 100 ug rhJL-1 1 for 1 2 conseculive days following chemotherapy (Regimen A) or 50 ng of rhJL-1 1 

7-U SSffifZ ^/^n Z n y f ° ll0Wii ; g ? C T (RCgimen B) had sigTlificant 'y ■« = °n ff» £ U and 

7 14, respective y (Mesl, P < 0.05) During cycle 2, only Regimen A was beneficial, especially during the development of mucositis 
(•), vehicle control X (n - 70); (Q), vehicle control Y (« - 12); <«), rhIL-1 1 Regimen A (« -24); (□), rhJL-1 1 Regimen 8 ^ = 24 ' 
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Figure 2, Incidence of moderate to severe mucositis for all groups by day. 



The incidence of moderate to severe mucositis, defined as a score greater than or equal to 4, within each group was evaluated during 
both cycles. During cycle 1, the control group had a significantly higher incidence of animals with moderate to severe mucositis than 
groups treated with rhJL-11 Regimen A on days 8 through 12 and Regimen B on days 7 through 14 (chi square, P < 0.05). During 
cycle 2 only Regimen A was effective. For explanation of symbols, see Figure 1, 



higher than all other groups on day 35. Animals in 
Regimen B had higher platelet counts than other 
groups on day 21. 



Treatment with rhIL-1 1 reduced mortality (Fig. 4) 
as a greater proportion of animals in Regimen A and 
B survived during both cycles 1 and 2 than control 




Figure 3. Relative weight change (%) for all groups by day. 

Animals treated with 100 ug rhlL-11 for twelve consecutive days following chemotherapy (Regimen A) experienced less weight loss than 
untreated animals throughout the study. Significant differences were observed on days 4 through 14 {/-lest, P < 0.05), Animals given 50 ug 
of rnIL-1 1, twice daily, one day before and one day following chemotherapy (Regimen B), experienced significantly less weight loss relative 
to control animals on days 5 through 12 (/-test, P < 0.05) but more weight loss during the second cycle. For explanation of symbols 
see Figure 1. J 
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TABLE 1. Average bone marrow 
cellularity ± 1 SD (n = 3 per group) 
on days 14 and 35. 



Group 


Day 14 


Day 35 


Control X 


93 ± 3 


90 ± 9 


Control Y 




79+11 


Regimen A 


83 ± 3 


90 ± 5 


Regimen B 


73 ± 3 


78 ± 10 



Bone marrow cellularity was within normal 
limits for all groups on both days. However, 
Control X had significantly greater cellularity 
then Regimens A and B on day 14 (Mann- 
Whitney U, P < 0.05). Regimen A was also 
significantly greater than Regimen B on day 14. 
On day 35, both Control X and Regimen A had 
comparable cellularity that was greater than 
that of Control Y and Regimen B, but not 
statistically significant. 

groups. At the conclusion of cycle 1, 64% of animals 
in Control X remained, whereas 83 and 88% remained 
in Regimen A and B, respectively. At the end of cycle 
2, 64% of animals in Control X and 67% in Control 
Y survived, in contrast to 86% in Regimen A and 
79% in Regimen B. Figure 5 shows the trends in 
cumulative survival for each group over the course of 
the study. Again, treatment with rhIL-1 1 was beneficial 
in animals given two consecutive courses of chemo- 
therapy. Sixty-seven per cent of animals treated 
with Regimen A and 61% of animals treated with 
Regimen B survived, whereas only 42% survived in 
Control X. 



DISCUSSION 

Ulcerative mucositis continues to be an important 
dose-limiting complication of cancer chemotherapy. 
Although the use of colony-stimulating factors and 
broad spectrum antibiotics to treat chemotherapy- 
induced myelosuppression has become commonplace, 
an adequate preventive treatment for mucosal toxicity 
has not yet been developed. 1819 

Mucosal toxicity is initially the consequence of 
the cytotoxic and cytostatic effects of antineoplastics 



TABLE 2. Mean platelet count (K/uI) ± 1 SD (n =s 3 per 
group) on days 14, 21 and 35. 



Group 


Day 14 


Day 21 


Day 35 


Control X 
Control Y 
Regimen A 
Regimen B 


2014 + 697 

2571 ± 1579 
1149 ±494 


816 ± 169 

699 ± 161 
1010+268 


991 ±314 
903 ± 462 
2717 ± 1169 
874 ± 208 



Animals given 100 ng of rhIL-11 for twelve consecutive days following 
chemotherapy (Regimen A) had higher platelet counts on day 14 and 
significantly higher counts on day 35 (Mann-Whitney, P < 0.05) relative to all 
other groups. Animals given 50 ug of rhlL-1 1 , twice daily, one day before and 
one day following chemotherapy (Regimen B) had higher platelet counts 
relative to other groups on day 21. 



TABLE 3. Mean white blood cell count (K/ul) + 
1 SD (n = 3 per group) on days 14, 21 and 35. 



Group 


Day 14 


Day 21 


Day 35 


Control X 


10.5 ± 0.7 


10.6 ± 5.9 


7.6 ± 2.4 


Control Y 




4.9 ± 2.1 


Regimen A 


17.6 ± 5.4 


5,7 ± 1.8 


20.1 ± 6.5 


Regimen B 


10.3 ± 2.5 


6.7 ± 3.9 


6.7 ± 3.6 



Animals given 100 ug of rhIL-1 1 for 12 consecutive days following 
chemotherapy (Regimen A) had significantly higher white blood cell 
counts than Regimen B on day 14 and all groups on day 35 
(Mann-Whitney, P < 0.05). 



on the stem cells within the basal layer of the oral 
epithelium (direct stomatotoxicity). 20 Subsequent sec- 
ondary local infection may follow as myelosuppression 
becomes maximal causing both exacerbation of the 
local condition and predisposition of the host to sepsis 
(indirect stomatotoxicity). Given the rate of epithelial 
renewal, direct stomatotoxicity generally begins within 
5 days of the administration of drug. In contrast, 
indirect stomatotoxicity corresponds to the develop- 
ment of myelosuppression and is usually not a factor 
until 10 days following treatment. 21 

Previous animal studies have shown a strong 
relationship between cytokine-mediated biological 
manipulation of the oral mucosa and an alteration in 
the course of mucositis. For example, treatment with 
epidermal growth factor (EGF), which increases the 
rate of epithelial proliferation, severely exacerbates the 
condition. 10 In contrast, treatment with transforming 
growth factor beta (TGF-p), which inhibits epithelial 
proliferation, reduces the severity of the condition 
when given before chemotherapy, 11 

rhIL-11 is potentially advantageous in that it 
has been shown to have myelopoietic activity and to 
reduce gastrointestinal mucosal toxicity following 
cytoablative treatment. 1 51617 Previous studies have 
shown rhIL-11 to reduce the severity, incidence, and 
duration of oral mucositis in hamsters given a single 
stomatotoxic course of 5-fluorouracil. 12 In addition to 
favourably modifying mucositis, animals treated with 
IL-I1 experienced less weight loss as well as less 
morbidity and mortality. The observed effects were 
dose dependent. Although IL-11 did demonstrate 
myelopoietic activity in hamsters, the effect of IL-1 1 on 
the course of mucositis was mediated at the level of the 
mucosa, as a reduction in the severity of mucositis was 
observed prior to any increase in peripheral blood 
counts. 

In the present study, the clinically relevant issue of 
mucositis and myelosuppression during multicourse 
chemotherapy treatment was addressed. Animals 
treated with 100 jxg of IL-11 for twelve consecutive 
days following chemotherapy (Regimen A) experienced 
a reduction in the incidence, severity, and duration of 
mucositis, weight loss, and mortality during both 
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Figure 4. Survival (%) subsequent to each course of 5-fluorouracil for all groups by day. 

Animals killed for histological and peripheral blood studies were censored from this comparison. At the conclusion of cycle 1, 64% of 
animals in Control X remained, whereas 83 and 88% remained in Regimen A and B, respectively. At the end of cycle 2, 64% of animals 
in Control X and 67% in Control Y survived, in contrast to 86% in Regimen A and 79% in Regimen B. However, no significant differences 
were noted. 




Figure 5. Cumulative survival (%) for all groups by day. 

Animals killed for histological and peripheral blood studies were censored from this comparison. Trealmenl with rhlL-11 was 
beneficial in animals given two conseculive courses of chemotherapy. Sixty-seven per cent of animals treated with Regimen A and 
61 /o of animals treated with Regimen B survived, whereas only 42% survived in the Control X. However, no significant differences were 
noted. 
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cycles. It could, however, be argued that Regimen A 
was somewhat less effective relative to Control X 
following the second course of 5-fluorouracil. This 
diminished efficacy may be due to natural selection. 
The majority of animals in the control group most 
vulnerable to the cytotoxicity of 5-fluorouracil perished 
during cycle I resulting in a sample population of 
hamsters more fit to tolerate 5-fluorouracil during cycle 
2. The findings that Control X demonstrated less severe 
mucositis than Control Y during cycle 2 seems to 
support this hypothesis. 

The presence of anti-rhIL-11 antibody may also 
have influenced the course of mucositis during cycle 2. 
Regimen A may have been somewhat efficacious during 
cycle 2 because rhIL-11 was present in sufficient 
quantity and for a long enough period to saturate 
the neutralizing antibody and still bind its receptor. 
In contrast, Regimen B may have been ineffective 
during cycle 2 because rhIL-11 was sufficiently 
neutralized by anti-rhIL-11 antibody. 

Myelosuppression was not exacerbated by IL-11 
treatment as marrow cellularity was within normal 
limits. Although IL-1 1 has a definite impact on direct 
stomatotoxicity through its action on the mucosa, its 
myelopoietic activity may contribute to minimizing 
indirect stomatotoxicity through stimulation of the 
marrow as peripheral blood counts were higher than 
untreated animals on days 14 and 35. Further studies 
need to be conducted in order to elucidate the 
relationship between direct and indirect stomatotoxic- 
ity. The present study is, however, consistent with 
previous investigations which demonstrated the poten- 
tial use of rhIL-11 in treating patients at risk of 
developing ulcerative mucositis and may prove to be 
beneficial to patients undergoing intensive multicourse 
chemotherapy treatment. 



MATERIALS AND METHODS 

The effect of rhIL-11 on the course of chemotherapy- 
induced ulcerative mucositis following two stomatotoxic 
courses of 5-fluorouracil was evaluated. Recombinant human 
(rh) IL-11 (Genetics Institute, Cambridge, MA) purified from 
Escherichia colt was used. All procedures were conducted in 
accordance with guidelines set by the Harvard Medical Area 
Standing Committee on Animals. 

Animals 

Male LVG Golden Syrian hamsters (Charles River 
Laboratories, Wilmington, MA), aged 5-6 weeks, were used. 
Animals were caged in small groups and fed standard 
hamster chow and water ad libitum. 

Mucositis induction and evaluation 

To evaluate the effect of rhIL-11 on two consecutive 
courses of mucositis, a well-established animal model 




Figure 6. Representative photographs of mild, moderate and severe 
mucositis. 



A 10-poinl scale was used by three independent observers Lo grade 
the severily of mucositis. Mild mucositis (A) was defined as mucosal 
erythema with vasodilation of the buccal cheek pouch and equalled 
a score of 1 to 3 on the 10-point scale. Moderate mucositis (B) 
equalled a score of 4 lo 6 and was defined as ulceration (<0.5cm) 
with pseudomembranous formation, erythema and vasodilation. 
Severe mucositis (C) was given a score greater than 6 and was defined 
as diffuse ulceration (£0.5 cm) with large areas of necrosis, 
pseudomembrane, erythema and vasodilation. 



was used. All procedures were done under anaesthesia 
with diethyl ether. To induce a single course of mucositis, 
5-fluorouracil was administered (60mg/kg) by intraperi- 
toneal injection on days 0 and 2. The left cheek pouch mucosa 
was irritated on day 4. Animals were weighed and observed 
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TABLE 4. The four groups of hamsters used in the study. 



Group w/group Treatment Cycle 1 Cycle 2 

Control X 70 Vehicle, s.c, q.d. days 3-14 days 24-35 

Control Y 12 Vehicle, s.c, q.d. days 24-35 

Regimen A 24 100 ug rhIL-1 1, s.c, q.d. days 3-14 days 24-35 

Regimen B 24 50 ug rhlL-H, s.c, bid. days 1 and 3 days 20 and 24 



daily through day 14. Mucositis was evaluated (see below) on 
days 5 through 14 (cycle 1). This induction protocol 
consistently produces moderate-to-severe mucositis, 20-25% 
weight loss, and 30-35% mortality in hamsters. As in 
humans, ulceration manifests five to seven days following the 
initiation of chemotherapy and resolves within two to three 
weeks. 22 

Because the primary objective of this study was to 
evaluate the effect of IL-11 on two consecutive stomatotoxic 
courses of 5-fluorouraciI, the induction protocol was repeated 
seven days following resolution of the first course of 
mucositis (day 21). The seven-day rest period also permitted 
bone marrow recovery. Animals were given the same dose of 
5-fluorouracil on days 21 and 23. The right cheek pouch 
mucosa was irritated on day 25. Animals were weighed and 
observed daily. Mucositis was evaluated on days 26 through 
day 35 (cycle 2). 

Outcome measures included severity of mucositis, 
weight change, bone marrow cellularity, platelet count, 
white blood cell count, anti-rhIL-11 titre, and survival. 
To evaluate mucositis, animals were anaesthetized and 
the cheek pouch was everted, immobilized, and pho- 
tographed as previously reported.- At the conclusion of 
the study, all film was developed simultaneously. Photo- 
graphs were numbered, randomized, and graded blindly 
by three independent observers using a 10-point scale in 
which mild mucositis equalled a score of 1 to 3 (Fig. 6A); 
moderate, 4 to 6 (Fig. 6B); and severe, greater than 6 
(Fig. 6C). 

On days 14 and 35, three animals from each group 
were randomly selected and killed to obtain bone marrow 
and peripheral blood samples. The left femur was dissected 
and fixed in Zenker's solution, post-fixed in 10% phosphate- 
buffered formalin, decalcified, processed, embedded, and 
stained with haemotoxylin and eosin. Bone marrow 
was assessed for cellularity in a blinded fashion by a 
haematologist. Peripheral blood samples were analysed by 
Coulter counter. On day 21, three animals from groups 1, 3 
and 4 (see below) were randomly selected and sacrificed in 
order to obtain peripheral blood samples only. 

To determine if rhIL-11 induced an immune response 
in hamsters the serum fractions of peripheral blood 
samples were tested for the presence of anti-rhIL-11 
antibodies in an enzyme-linked immunosorbent assay 
(ELISA). Samples were incubated with rhIL-11 drug 
product, which was immobilized on an ELISA plate. After 
incubation, the plate was washed, and bound antibody 
was detected and visualized by protein A conjugated to 
horseradish peroxidase (HRP) and <?-phenylenediamine 
(OPD) substrate containing hydrogen peroxide (H2O2). As 
a means to monitor assay performance, negative (normal 
hamster plasma diluted 1:50) and positive R06A05 (a 



polyclonal antibody specific for IL-11) controls were 
included on each plate. Each sample was initially tested, 
in duplicate, at a single dilution of 1 : 50 and their reactivity 
was evaluated relative to a "outpoint" optical density (OD; 
490 nm), which is defined as twice the mean OD of the 
negative control. Samples generating an OD less than the 
cutpoint were considered to be negative and not tested 
further; samples that generated an OD greater than or equal 
to the cutpoint OD were considered to be positive. 
To confirm the initial ELISA results and to determine the 
antibody titre (the log of the dilution that generates an OD 
greater than the cutpoint), positive samples were re-assayed 
in a dilution series. 

Test groups 

One hundred and thirty hamsters were randomly divided 
into four groups. These test groups were then evaluated, as 
shown in Table 4. 

Vehicle consisted of phosphate- buffered saline (PBS) 
and 0.5% hamster serum. rhJL-11 (or placebo) was 
administered by subcutaneous injection. Total injection 
volume was 0.5 ml. Animals given Regimen A were treated 
with 100 ng of rhIL-11, once daily, for 12 consecutive days 
following chemotherapy. Animals given Regimen B were 
treated with 50 u» of rhIL-11, twice daily, for a cumulative 
dose of 100 ug, one day before and one day following 
chemotherapy. Neither group received rhIL-11 and 
chemotherapy simultaneously. A second control group 
(Control Y) provided a single exposure mucositis baseline to 
which animals receiving multiple chemotherapy cycles could 
be compared during cycle 2. 

Statistical significance between groups was determined 
using Student's f-test, Mann-Whitney U test and chi-square 
analysis with a critical value of 0.05. 
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